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AN A P P L I C A T I O N OF 200 KV TO E N G I N E E R I N G
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S e c t i o n M a t e r i a l s S c i e n c e , T w e n t e
U n i v e r s i t y of T e c h n o l o g y , E n s c h e d e ,
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The re l a t i on b e t w e e n mic ros t ruc tu re
and r e l e v a n t m e c h a n i c a l or p h y s i c a l pro-
pe r t i e s is of c ruc i a l impo r tance for the
unde r s tand ing of the b e h a v i o u r of m a t e r -
ials in p rac t i ce . O p t i c a l and e l e c t r o n
m i c r o s c o p y are the app rop r i a te i n s t ru -
m e n t s to r e v e a l the mic ros t ruc tu re . The
comb ina t i on of the CTEM with an EDS de-
tec to r , e n e r g y loss spec t romete r , image
a n a l y z e r and the poss i b i l i t i e s for STEM
and SEM c o n v e r t e d this i n s t rument to com-
p r e h e n s i v e ana l y t i ca l tool for the m a t e r -
ial s c i en t i s t . The deve lopment of "low
cos t " t r ansm i s s i on m i c r o s c o D e s w o r k i n g
at h i g h e r vo l t ages than i00 kV o p e n s new
poss ib i l i t i e s for the inves t i ga t i on
e s p e c i a l l y of the c o m p l e x mic ros t ruc tu res
in e n g i n e e r i n g m a t e r i a l s like s tee l s .
A f t e r s u m m a r i z i n g the a rguments for the
app l i ca t i on of h i g h e r vo l t ages , a more
d e t a i l e d desc r i p t i on wi l l be g i v e n of
the p e n e t r a t i o n p o w e r of the 200 kV JEOL
ins t rument i n s t a l l e d recen t l y in o u r lab.
I l l u s t r a t i ons from t h r e e resea rch
p ro j ec t s in p rog ress wi l l be g i ven :
- - D u a l p h a s e s tee l s have o f t e n a more
c o m p l e x s t ruc tu re than is s u g g e s t e d by
the name. Fe r r i t e , mar tens i t e , ba in i t e ,
r e t a i n e d aus ten i t e and o f t e n p e r l i t e can
coex i s t , t oge the r with d i f f e ren t t ypes of
ca rb ides , n i t r i des and o t h e r i nc l u s i ons . ]
In such a case it is impo r tan t to be able
to o b s e r v e l a rge a r e a s at low magn i f i ca -
t ion, b e f o r e s e l e c t i n g the re l evan t
p h a s e s for more d e t a i l e d inves t i ga t i on .
- - H i g h a l l o y c h r o m i u m s t e e l (10% Cr)
is used as a hea t - r e s i s t an t v a l v e s t e e l
in p rac t i ce . A m a r t e n s i t i c t r ans fo rmat i on
M23C6 + M7C3 can o c c u r in the Cr - ca rb ide
p r e s e n t in this s t e e l w h i c h has a de t r i -
m e n t a l e f f e c t on the mechan i ca l p r o p e r -
t ies. This t r ans fo rmat i on can only be
inves t i ga ted in re l a t i ve l y th i ck spec i -
mens . In the p repa ra t i on of thin fo i l s
the re l a t i ve l y t h i c k ca rb ides w o u l d drop
out of the thin a reas . If on the o t h e r
hand the ca rb ides are very th in , the high
s t res ses p r o d u c e d by the t rans fo rmat i on
are r e l a x e d and the s t ruc tu re can change .
- - C o - C r a l l o y is d e v e l o p e d as a new
in fo rmat i on ca r r i e r , with high bit d e n s -
ity, for v e r t i c a l or p e r p e n d i c u l a r re-
co rd ing . 2 The m a g n e t i z a t i o n is p e r p e n d -
i c u l a r to the s p u t t e r e d f i lm. Howeve r ,
the c r y s t a l size C 0.I ~ in a f i lm of 1
th i ckness dec reases with f i lm th i ckness ,
r e su l t i ng in h i g h e r bit dens i t y but a
h i g h e r n o i s e level . The g rowth k ine t i c s
and un i f o rm i t y of c ry s ta l size are inves -
t i ga ted .
i. Formable HSLA and dual-phase steels (ed.
A.T. Davenport, Proc. Metallurgical Society
of AIME, 1977).
2. T. Wielinga and J. C. Lodder, IEEE trans, on
magnetics, to be published (1981).
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It may be p resumptuous to th ink that
geo log i s t s make more s p e c i a l i z e d yet
b roade r -based ' r eques t s of t h e i r e l ec t ron
m i c r o s c o p e than o t h e r resea rche r s . How-
eve r , I have reasons %o th ink that this
is the case.
U n l i k e most c rys ta l l i ne m a t e r i a l s
s t u d i e d by m a t e r i a l s s c i en t i s t s , m ine ra l s
p r e s e n t us with a genu ine p r o b l e m of not
k n o w i n g p r e c i s e l y t h e i r mode of f o rmat i on
and subsequen t h i s t o r y of deve lopment .
For many geo log i s t s a s o l u t i o n to this
p r o b l e m is the w h o l e bus iness of t h e i r
s tudy . This p rob lemat i ca l s i t ua t i on can
be d e s c r i b e d best in a s t u d y of the
amph ibo l e g r o u p of m ine ra l s . A m p h i b o l e
may form in any of the fo l l ow ing ways :
a) n o r m a l c rys ta l g rowth from a
l i q u i d (magma) d u r i n g so l i d i f i ca t i on ;
b) d u r i n g the deg rada t i on of pre-
e x i s t i n g m ine ra l s b e c a u s e the p ressu re ,
P, and tempera tu re , T, have d e c r e a s e d
(probably a c c o m p a n i e d by a chemica l
change , X, in the sys tem) - - r e t r og rade
metamorph i sm;
c) d u r i n g " so l i d " -phase c rys ta l l i z a -
tion (precip i tat ion) in a rock b e c a u s e
P, T and X have c h a n g e d in the d i r ec t i on
of amph ibo l e s tab i l i t y - - p rog rade m e t a -
morph i sm .
One must add to this repe r to i r e the
in te r f e r i ng e f f e c t s of de fo rmat i on w h i c h
may be reg iona l , l o ca l or submic roscop i c .
The non -un iqueness of f o rmat i on imposes
many p rob lems in d e c i p h e r i n g the o r i g i n
of d e f e c t s t ruc tu res such as e x s o l u t i o n
l ame l l ae (p rec ip i t a ted phases ) or dis-
l o ca t i on subs t ruc tu res .
The n o r m a l ploy of c o n s u l t i n g the
e q u i l i b r i u m d i a g r a m to de te rm ine p h a s e
s tab i l i t i e s has l i m i t e d va lue . This is
e s p e c i a l l y true for the amph ibo l e m i n e r -
als in w h i c h the p h a s e re l a t i onsh ips are
